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Characterizations of Pectin/Lithium Sulfate
Solid Biopolymer Electrolytes

M. Muthuvinayagam, M. Vahini, K. Sundaramahalingam

Abstract: In the present study, Pectin based Lithium sulfate
added biopolymer electrolytes have been prepared by using
Solution casting technique. Surface morphology of the prepared
sample is investigated by Scanning Electron microscopy and
crystalline nature is investigated by X-ray Diffraction. These
films have a smooth surface and amorphous nature with good
transparency. The Pectin is biopolymer which is ecofriendly and
great abundance in earth. The maximum ionic conductivity
value is obtained for 85Pectin:15Li2S04 system. The change in
ionic conductivity related to concentration of salt is also
analyzed. The dielectric properties of the Pectin based system are
also discussed.

Keywords : Pectin, FTIR, SEM, lonic conductivity, dielectric
constant.

I. INTRODUCTION

Researchers have focused on the development of new

materials for several applications with eco-friendly. The
potential applications of biomaterials are numerous and
involve different fields such as electrochemical devices,
electro chromic devices, bio medical and so on [1-4]. The
chemical polymers such as PVA, PVP, PEO, PMMA, PVC,
and Pvdf are used to prepare the electrolytes for potential
application in electrochemical devices [5-8]. In the field of
energy storage materials, to produce new products from
naturally available materials is used to avoid the
environmental problems. Biodegradable natural polymers
are used to prepare polymer electrolyte films for several
applications. In the earlier reports reveals that the
biopolymer based solid polymer electrolytes such as Pectin
[9], Sodium alginate [10], agar-agar [2], cellulose acetate
[11] and chitosan [12] are reported. The green polymer
Pectin is used in this work which is a polysaccharide natural
polymer, great abundance, acts as a cementing material in
the cell walls of all plant tissues and so on [13]. In this
present work, we have investigated the amorphous nature,
morphology, ionic conductivity and dielectric behavior of
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prepared biopolymer electrolytes.

Il. EXPERIMENTAL PROCEDURE

In this present study, pectin and lithium sulfate has been used
as precursor. The Pectin (polymer) and lithium sulfate (salt)
with different ratios (100:00, 95:05, 90:10, 85:15, 80:20 and
75:25) were prepared. The solution casting method is used to
prepare the all films. The distilled water is used as the solvent
in throughout the work. Polymer and lithium sulfate were
dissolved in distilled water separately. The polymer solution
and lithium sulfate solution were mixed with constant
stirring. At 303K, the mixture (40 ml) was maintained in
constant stirring until we get homogeneous solution. The
resulting mixture solution was poured out into Petri dish and
dried in an oven at 70 °C for 12 hours. After drying, the
polymer electrolyte was separated from petri dish. The
prepared polymer electrolytes are transparent and it is used to
characterized.

I1l. CHARACTERIZATION TOOLS

The prepared biopolymer electrolytes were characterized by
XRD, FTIR, SEM and AC-impedance studies. The
amorphous nature of the electrolytes were analyzed by Xrd
using CuKa (L = 1.5406 A), Brukermade X-ray
difractometer. The complex formations of prepared
electrolytes were analyzed by FTIR using Shimadzu-IR
Ainity-1 spectrometer instrument. By using Scanning
Electron Microscope (SEM), the morphology of the
biopolymer electrolytes are analyzed. lonic conductivity
measurement is made in the range of 42 Hz — 1MHz at 303K
by using HIOKI 3532-50 LCR HI-TESTER Impedance
analyzer.

IV. RESULTS AND DISCUSSION

A. XRD studies

The degree of crystalline nature of all prepared lithium
sulfate added pectin biopolymer electrolytes is shown in the
Fig.1.The broad peaks between 14°-17° and around 30°,
which can be associated with the semi crystalline nature of
pure pectin. The crystalline nature of the pectin is decreased
by addition of lithium sulfate. The diffraction peaks of pectin
decrease in intensity and increase in broadness with an
increase of lithium sulfate salt, which is denote the
increasing amorphous nature of the biopolymer electrolytes
system [13]. No peaks corresponding to lithium sulfate salt
are observed in biopolymer
electrolytes which indicate
the absence of excess salt or
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completely dissolved salt in the polymer matrix up to 20%
salt added biopolymer electrolytes.

The increasing amorphous nature of the electrolytes is
observed up to 15% of salt doped biopolymer electrolytes.
After 15% of salt doped biopolymer electrolytes, there is an
increase in intensity and some sharp peaks are observed.
Because of increase in crystalinity nature biopolymer
electrolytes is due to excess salt [14-15].
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Fig.1 XRD pattern of Pectin: Lithium Sulfate (100:00,
95:05, 90:10, 85:15, 80:20 and75:25) biopolymer
electrolytes
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B. FTIR-studies

The occurrence of complexation between polymer and salt
is confirmed by using FTIR studies. In the present work, the
interaction between pectin and lithium sulfate is established
by using FTIR studies. The change in the vibration modes of
molecules can occur due to interactions. The band at
2933cm™ can be attributed to the vibration of C-H stretching
of CH, group in the pectin biopolymer. The interaction of the
salt is shifted in this peak to 2937cm™ and 2920cm™. The
stretching of C=0 of COOCHj is observed at 1739 cm™ and
slight shift is also observed in this peak value at salt added
biopolymer electrolytes.
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Fig.2 FTIR spectrum of Pectin: Lithium Sulfate
(100:00, 95:05, 90:10, 85:15, 80:20 and75:25) biopolymer
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electrolytes

The peak at 1413 cm™ is corresponding to vibration of
O=C-O structure in the pectin. The presence of -CH-OH in
aliphatic cyclic secondary alcohol of pure pectin is observed
at 1149 cm™ and it is not observed in the 15% salt added
biopolymer electrolytes due to more interaction of salt in this
ratio compare to others. The peak at 1010 cm™ suggests
-CH-O—-CH- stretching of pectin. The complex formation of
pectin and Li,SO, salt is confirmed by no peak at 1112 cm™
for corresponding Li,SO, salt. The SO, ion of salt is
interacted in the polymer matrix. The FTIR spectrum of all
biopolymer electrolytes is shown in the Fig.2 [9, 14-16].

C. SEM-analysis

The morphology of the all prepared electrolytes are
analyzed by using SEM-analysis. The Fig.3 (a-f) shows the
SEM images of the lithium sulfate added pectin biopolymer
electrolytes. The uniform surface morphology is obtained due
to homogeneous mixture of polymer and salt. The porous
homogenous texture nature is obtained in the 10% salt added
polymer electrolytes and is increased in the 15% salt added
polymer electrolytes. The insolubility of the salt is reflected
in the 20% and 25% of salt added polymer electrolytes which
is observed in the SEM-images. The maximum ionic
conductivity is obtained in the 15% salt added polymer
electrolytes due to the porous nature of the electrolyte film.
The more amorphous nature and smooth morphology is
obtained at 15% added salt added system. It is well close
agreement of both XRD studies and SEM analysis [16, 17].

-

Fig.3 SEM images of Pectin:Lithium Sulfate biopolymer
electrolytes (100:00, 95:05, 90:10, 85:15, 80:20 and75:25)
Mag = 5.00K at 2pm

D. lonic conductivity
studies

Cole-Cole plot
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The cole-cole plot of the prepared biopolymer electrolyte is
shown in the Fig.4.

The bulk resistance of the sample is found by using the
Z-view software by fitting of the cole-cole plot. Due to the
effect of the blocking electrodes, the semicircle is formed in
the high frequency region. The Slanted straight line is
observed in the plot because of electrode electrolyte
interfacial effect. The calculated bulk resistance and
conductivity values of the sample is reported in the
Table.1.The material conductivity or dc conductivity of the
material is founded by using the conductance spectra and it is
well matched with the value of the conductivity from cole-
cole plot. The conductance spectra of the pectin based
electrolytes are shown in the Fig.5 [14, 18]. The minimum
bulk resistance and maximum ionic conductivity (6.06x 10
S/cm) is obtained at 15% salt added system. The reported
value of ionic conductivity are calculated by using the
formula, o = (t /RbA) where o - is ionic conductivity, t - is
thickness of film, A - is area of the film contacting the
stainless steel disk electrodes, Rb - is bulk resistance of
samples obtained from cole-cole plot.
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Fig.4 Cole cole plot for Pectin: Lithium Sulfate
biopolymer electrolytes at room temperature
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Fig.5 Conductance Spectra of Pectin:Li2SO4
biopolymer electrolytes at room temperature

Table. I lonic conductivity of prepared system
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S. | Pectin: Lithium Bulk Conductivity

No Sulfate Resistances (Q2) (S/Cm)
1| 100:00 4.10 x 10° 10_%'68 X
2|  95:05 1.91x 10° 4.11x 10°
3| 90:10 8.28x 10° 1.33x 108
4| 85:15 1.29x 10° 6.06x 10°®
5| 80:20 2.40% 10° 5.24% 10°
6| 75:25 9.37x 10° 1.01x 10°

Concentration dependent ionic conductivity

The maximum ionic conductivity is observed for
85Pectin:15Li2504 system which is confirmed in both XRD
and dielectric studies. The ionic conductivity of the
biopolymer electrolytes is also depends wupon the
concentration of doping salt. The charge carriers are
introduced by addition of salt into polymer matrix. At
maximum ratio of salt can introduce the more number of
charge carriers compare to the other ratio of salt added
system. Due to the insolubility of salt and accumulation of
charge carriers, the ionic conductivity get decreases above
15% of salt concentration [3, 6]. The concentration
dependent ionic conductivity is shown in the Fig.6.
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Fig.6 Concentration dependent ionic conductivity
Dielectric spectrum

The dielectric spectra are shown in the Fig.7.a & Fig 7.b.
The charge accumulation at the electrode—electrolyte
interface gives the maximum dielectric constant at low
frequency region. The decreases in the polarization at high
frequency region affect the dielectric behavior of the
material. Due to that the dielectric constant is decreased at
high frequency region. The maximum dielectric constant and
dielectric loss is founded for 15% of lithium sulfate added
biopolymer electrolytes. The formation of space charge
polarization with respect to the frequency is a reason for
change in the dielectric constant with respect to frequency.
The dielectric properties of the Pectin: lithium sulfate
electrolyte  reflects  the
non-Debye nature of the
system [14].
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Fig.7.a Dielectric constant spectrum of Pectin: Lithium
Sulfate biopolymer electrolytes (100:00, 95:05, 90:10,
85:15, 80:20 and 75:25) at room temperature
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Fig.7.b Dielectric loss spectrum of Pectin: Lithium
Sulfate biopolymer electrolytes (100:00, 95:05, 90:10,
85:15, 80:20 and 75:25) at room temperature
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Fig.8 Loss Tangent spectrum of all Pectin: Lithium

Sulfate biopolymer electrolytes at room temperature

In Fig.8 shows the tangent loss spectrum of prepared
electrolyte system. Due to the interfacial polarization
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mechanism, the dispersion is observed at low frequency
region. For 15% salt added biopolymer electrolyte has a peak
at low frequency region is reflects the low relaxation time
compare to the other electrolytes. It’s well close in agreement
with the conductivity analysis. The high dielectric constant,
dielectric loss and low relaxation time obtained for 15% salt
added biopolymer electrolyte which is confirmed by
AC-Impedance studies [20 -21].

V. CONCLUSION

The biopolymer electrolytes based on pectin with addition
of Li,SO, was successfully prepared by Solution casting
technique and it is analyzed by using XRD, FTIR, SEM and
AC-Impedance studies. From XRD and FTIR studies, the
amorphous nature and complex formation between pectin
and lithium sulphate salt are conformed. The maximum ionic
conductivity 6.06E-08 S/Cm is obtained for 15% salt added
biopolymer electrolytes. The maximum dielectric constant
from dielectric spectra and minimum relaxation time from
tangent loss spectra are obtained for same 15% salt added
biopolymer electrolyte. The addition of filler and plasticizer
can enhance the properties of pectin: lithium sulfate
biopolymer electrolyte. Based on the AC-Impedance studies,
the prepared biopolymer electrolyte has application in the
energy storage devices.
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